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(57) ABSTRACT 

Nitrogen-containing lipids prepared from the conjugate addi 
tion of amines to acrylates, acrylamides, or other carbon 
carbon double bonds conjugated to electron-Withdrawing 
groups are described. Methods of preparing these lipids from 
commercially available starting materials are also provided. 
These amine-containing lipids or salts forms of these lipids 
are preferably biodegradable and biocompatible and may be 
used in a variety of drug delivery systems. Given the amino 
moiety of these lipids, they are particularly suited for the 
delivery of polynucleotides. Complexes or nanoparticles con 
taining the inventive lipid and polynucleotide have been pre 
pared. The inventive lipids may also be used to in preparing 
microparticle for drug delivery. They are particularly useful 
in delivering labile agents given their ability to buffer the pH 
of their surroundings. 
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AMINE-CONTAINING LIPIDS AND USES 
THEREOF 

RELATED APPLICATIONS 

[0001] The present application claims priority under 35 
U.S.C. §119(e) to US. provisional patent applications, U.S. 
Ser. No. 60/690,608, ?led Jun. 15, 2005, and US. Ser. No. 
60/785,176, ?led Mar. 23, 2006, each of Which is incorpo 
rated herein by reference. 

GOVERNMENT SUPPORT 

[0002] The Work described herein Was supported, in part, 
by grants from the National Institutes of Health (EB00244). 
The United States government may have certain rights in the 
invention. 

BACKGROUND OF THE INVENTION 

[0003] The treatment of human diseases through the appli 
cation of nucleotide-based drugs such as DNA and RNA has 
the potential to revolutionize the medical ?eld (Anderson 
Nature 392(Suppl.):25-30, 1996; Friedman Nature Med. 
2:144-147, 1996; Crystal Science 270:404-410, 1995; Mulli 
gan Science 260:926-932, 1993; each of Which is incorpo 
rated herein by reference). Thus far, the use of modi?ed 
viruses as gene transfer vectors has generally represented the 
most clinically successful approach to gene therapy. While 
viral vectors are currently the most e?icient gene transfer 
agents, concerns surrounding the overall safety of viral vec 
tors, Which include the potential for unsolicited immune 
responses, have resulted in parallel efforts to develop non 
viral alternatives (for leading references, see: Luo et al. Nat. 
Biotechnol. 18:33-37, 2000; Behr Acc. Chem. Res. 26:274 
278, 1993; each of Which is incorporated herein by refer 
ence). Current alternatives to viral vectors include polymeric 
delivery systems (Zauner et al. Adv. Drug Del. Rev. 30:97 
113, 1998; Kabanov et al. Bioconjugale Chem. 617-20, 1995; 
each of Which is incorporated herein by reference), lipo somal 
formulations (Miller Angew. Chem. Int. Ed. 37:1768-1785, 
1998; Hope et al. Molecular Membrane Technology 1511-14, 
1998; Deshmukh et al. New]. Chem. 21:113-124, 1997; each 
of Which is incorporated herein by reference), and “naked” 
DNA injection protocols (Sanford Trends Biolechnol. 6:288 
302, 1988; incorporated herein by reference). While these 
strategies have yet to achieve the clinical effectiveness of viral 
vectors, the potential safety, processing, and economic ben 
e?ts offered by these methods (Anderson Nature 392 
(Suppl.):25-30, 1996; incorporated herein by reference) have 
ignited interest in the continued development of non-viral 
approaches to gene therapy (Boussif et al. Proc. Natl. Acad. 
Sci. USA 92:7297-7301, 1995; Putnam et al. Macromolecules 
32:3658-3662, 1999; Lim et al. J. Am. Chem. Soc. 121 :5633 
5639, 1999; GonZaleZ et al. Bioconjugale Chem. 1011068 
1074, 1999; KukoWska-Latallo et al. Proc. Natl. Acad. Sci. 
USA 93:4897-4902, 1996; Tang et al. Bioconjugale Chem. 
7:703-714, 1996; Haensler et al. Bioconjugale Chem. 4:372 
379, 1993; each of Which is incorporated herein by refer 
ence). 
[0004] There exists a continuing need for non-toxic, biode 
gradable, biocompatible lipids that can be used to transfect 
nucleic acids and that are easily prepared ef?ciently and eco 
nomically. Such lipids Would have several uses, including the 
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delivery of nucleic acids in gene therapy as Well as in the 
packaging and/ or delivery of diagno stic, therapeutic, and pro 
phylactic agents. 

SUMMARY OF THE INVENTION 

[0005] The present invention provides novel lipids of the 
formula (I): 

These lipids may be prepared by the addition of a primary 
amine to a double bond conjugated With an electron With 

draWing groups such as a carbonyl moiety. TWo equivalents of 
an 0t,[3-unsaturated ketone such as an acrylate are reacted With 
one equivalent of a primary amine to prepare the inventive 
lipids as shoWn in the scheme beloW: 

These lipids typically have a hydrophobic half and a hydro 
philic half. The hydrophobic portion is typically provided by 
fatty acid moieties attached to the acrylate, and the hydro 
philic portion is provided by the esters, amines, and side chain 
of the amine. The fatty acid groups may be straight chain alkyl 
groups (C l-C3O) With no substitutions. In certain embodi 
ments, the fatty acid groups are substituted and/ or branched. 
The amine may be protonated or alkylated thereby forming a 
positively charged amine. These lipids may be used in the 
delivery of therapeutic agents to a subject. The inventive 
lipids are particularly useful in delivering negatively charged 
agents given the tertiary amine available for protonation thus 
forming a positive charge. For example, these lipids may be 
used to delivery DNA,RNA, or other polynucleotides to a 
subject or to a cell. As Would be appreciated by one of skill in 
the art, the above reaction may result in a mixture With some 
lipids have one acrylate tail and other having tWo acrylate 
tails. Also, tWo different acrylates may be used in the reaction 
mixture to prepare a lipid With tWo different acrylate tails. 
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[0006] In another aspect, the invention provides lipids of 
the formula (II): 

Lipids of the formula (II) are prepared by the addition of a 
primary or secondary diamine to a double bond conjugated to 
an electron-Withdrawing group such as a carbonyl. The lipids 
of formula (II) have tWo amines per lipid molecule as com 
pared to the one amine per lipid molecule in the lipids of 
formula (I). These amines may be protonated or alkylated to 
form positively charged amino groups. These lipids may also 
be used to deliver DNA, RNA, or other polynucleotides. As 
With the primary amine, the acrylate tails may be the same or 
different. Also, the lipid may include any Where from one 
acrylate tail to as many acrylate tails as is chemically possible. 
[0007] In another aspect, the invention provides lipids of 
the formulae (III) or (IV): 

(111) 
R3 R4 

Lipids of the formulae (III) or (IV) are prepared by the addi 
tion of primary or secondary amino groups to a double bond 
conjugated to an electron-Withdrawing groups as a carbonyl. 
The lipids of formulae (III) and (IV) have multiple amino 
groups per lipid molecule. In certain embodiments, the num 
ber of amino groups per lipid molecule is 3, 4, 5, 6, 7, 8, 9, or 
10. These amines may be protonated or alkylated to form 
positively charged amino groups. The acrylate tails may all be 
the same or they may be different. Any number of acrylate 
tails may be present on the molecule. The lipids may be used 
to delivery DNA, RNA, or other polynucleotides. 
[0008] In one aspect of the invention, the inventive lipids 
are combined With an agent to form microparticles, lipo 
somes, or micelles. The agent to be delivered by the micro 
particles, liposomes, or micelles may be in the form of a gas, 
liquid, or solid, and the agent may be a polynucleotide, pro 
tein, peptide, or small molecule. The inventive lipids may be 
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combined With other lipids, polymers, surfactants, choles 
terol, carbohydrates, proteins, etc. to form the particles. These 
particles may be combined With a pharmaceutically excipient 
to form pharmaceutical compositions. 
[0009] The invention also provides methods of making the 
inventive lipids. Qne or more equivalents of an acrylate are 
alloWed to react With one equivalent of a primary amine, 
diamine, or polyamine under suitable conditions to form a 
lipid of the formula (I), (II), (III), or (IV). In certain embodi 
ments, all the amino groups of the amine are fully reacted With 
acrylates to form tertiary amines. In other embodiments, all 
the amino groups of the amine are not fully reacted With 
acrylate to form tertiary amines thereby resulting in primary 
or secondary amines in the lipid molecule. These primary or 
secondary amines are left as is or may be reacted With another 
electrophile such as a different acrylate. As Will be appreci 
ated by one of skill in this art, reacting an amine With less than 
an excess of acrylate Will result in a plurality of different lipid 
amines. Certain molecules may include a full complement of 
acrylate moieties While other molecules Will not include a full 
complement of acrylates. For example, a diamine or 
polyamine may include only one, tWo, three, four, ?ve, or six 
acrylate moieties off the various amino moieties of the mol 
ecule resulting in primary, secondary, and tertiary amines. In 
certain embodiments, it is preferred that all the amino groups 
not be fully functionaliZed. In certain embodiments, the tWo 
of the same type of acrylate are used. In other embodiments, 
tWo or more different acrylates are used. The synthesis of the 
lipid may be performed With or Without solvent, and the 
synthesis may be performed at temperatures ranging from 25° 
C. to 1000 C., preferably approximately 95° C. The prepared 
lipids may be optionally puri?ed. For example, the mixture of 
lipids may be puri?ed to yield a lipid With a certain number of 
acrylate moieties. The lipids may also be alkylated using an 
alkyl halide (e. g., methyl iodide) or other alkylating agent. 
[0010] The invention also provides libraries of lipids pre 
pared by the inventive methods. These lipids may be prepared 
and/or screened using high-throughput techniques involving 
liquid handlers, robots, microtiter plates, computers, etc. In 
certain embodiments, the lipids are screened for their ability 
to transfect DNA, RNA, or other polynucleotides into the cell. 

DEFINITIONS 

[0011] De?nitions of speci?c functional groups and chemi 
cal terms are described in more detail beloW. For purposes of 
this invention, the chemical elements are identi?ed in accor 
dance With the Periodic Table of the Elements, CAS version, 
Handbook of Chemistry and Physics, 75th Ed., inside cover, 
and speci?c functional groups are generally de?ned as 
described therein. Additionally, general principles of organic 
chemistry, as Well as speci?c functional moieties and reactiv 
ity, are described in “Organic Chemistry”, Thomas Sorrell, 
University Science Books, Sausalito: 1999, the entire con 
tents of Which are incorporated herein by reference. 
[0012] Certain compounds of the present invention may 
exist in particular geometric or stereoisomeric forms. The 
present invention contemplates all such compounds, includ 
ing cis- and trans-isomers, R- and S-enantiomers, diastere 
omers, (D)-isomers, (L)-isomers, the racemic mixtures 
thereof, and other mixtures thereof, as falling Within the scope 
of the invention. Additional asymmetric carbon atoms may be 
present in a substituent such as an alkyl group. All such 
isomers, as Well as mixtures thereof, are intended to be 
included in this invention. 
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[0013] lsomeric mixtures containing any of a variety of 
isomer ratios may be utilized in accordance With the present 
invention. For example, Where only tWo isomers are com 

bined, mixtures containing 50:50, 60:40, 70:30, 80:20, 90:10, 
95:5, 96:4, 97:3, 98:2, 99:1, or 100:0 isomer ratios are all 
contemplated by the present invention. Those of ordinary 
skill in the art Will readily appreciate that analogous ratios are 
contemplated for more complex isomer mixtures. 

[0014] If, for instance, a particular enantiomer of a com 
pound of the present invention is desired, it may be prepared 
by asymmetric synthesis, or by derivation With a chiral aux 
iliary, Where the resulting diastereomeric mixture is separated 
and the auxiliary group cleaved to provide the pure desired 
enantiomers. Alternatively, Where the molecule contains a 
basic functional group, such as amino, or an acidic functional 
group, such as carboxyl, diastereomeric salts are formed With 
an appropriate optically-active acid orbase, folloWed by reso 
lution of the diastereomers thus formed by fractional crystal 
liZation or chromatographic means Well knoWn in the art, and 
subsequent recovery of the pure enantiomers. 
[0015] One of ordinary skill in the art Will appreciate that 
the synthetic methods, as described herein, utiliZe a variety of 
protecting groups. By the term “protecting group”, as used 
herein, it is meant that a particular functional moiety, e. g., 0, 
S, or N, is temporarily blocked so that a reaction can be 
carried out selectively at another reactive site in a multifunc 
tional compound. In preferred embodiments, a protecting 
group reacts selectively in good yield to give a protected 
substrate that is stable to the projected reactions; the protect 
ing group should be selectively removable in good yield by 
readily available, preferably non-toxic reagents that do not 
attack the other functional groups; the protecting group forms 
an easily separable derivative (more preferably Without the 
generation of neW stereogenic centers); and the protecting 
group has a minimum of additional functionality to avoid 
further sites of reaction. As detailed herein, oxygen, sulfur, 
nitrogen, and carbon protecting groups may be utiliZed. 
Hydroxyl protecting groups include methyl, methoxylmethyl 
(MOM), methylthiomethyl (MTM), t-butylthiomethyl, (phe 
nyldimethylsilyl)methoxymethyl (SMOM), benZyloxym 
ethyl (BOM), p-methoxybenZyloxymethyl (PMBM), 
(4-methoxyphenoxy)methyl (p-AOM), guaiacolmethyl 
(GUM), t-butoxymethyl, 4-pentenyloxymethyl (PQM), 
siloxymethyl, 2-methoxyethoxymethyl (MEM), 2,2,2 
trichloroethoxymethyl, bis(2-chloroethoxy)methyl, 2-(trim 
ethylsilyl)ethoxymethyl (SEMOR), tetrahydropyranyl 
(THP), 3-bromotetrahydropyranyl, tetrahydrothiopyranyl, 
1 -methoxycyclohexyl, 4-methoxytetrahydropyranyl 
(MTHP), 4-methoxytetrahydrothiopyranyl, 4-methoxytet 
rahydrothiopyranyl S,S-dioxide, 1-[(2-chloro-4-methyl)phe 
nyl]-4-methoxypiperidin-4-yl (CTMP), 1,4-dioxan-2-yl, tet 
rahydrofuranyl, tetrahydrothiofuranyl, 2,3,3a,4,5,6,7,7a 
octahydro-7,8,8-trimethyl-4,7-methanobenZofuran-2-yl, 
1 -ethoxyethyl, 1 -(2 -chloroethoxy)ethyl, 1 -methyl- 1 -meth 
oxyethyl, 1 -methyl-1 -benZyloxyethyl, 1 -methyl-1 -benZy 
loxy-2-?uoroethyl, 2,2,2-trichloroethyl, 2-trimethylsilyl 
ethyl, 2-(phenylselenyl)ethyl, t-butyl, allyl, p-chlorophenyl, 
p-methoxyphenyl, 2,4-dinitrophenyl, benZyl, p-methoxyben 
Zyl, 3,4-dimethoxybenZyl, o-nitrobenZyl, p-nitrobenZyl, 
p-halobenZyl, 2,6-dichlorobenZyl, p-cyanobenZyl, p-phenyl 
benZyl, 2-picolyl, 4-picolyl, 3-methyl-2-picolyl N-oxido, 
diphenylmethyl, p,p'-dinitrobenZhydryl, 5-dibenZosuberyl, 
triphenylmethyl, ot-naphthyldiphenylmethyl, p-methoxyphe 
nyldiphenylmethyl, di(p-methoxyphenyl)phenylmethyl, tri 
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(p-methoxyphenyl)methyl, 4-(4'-bromophenacyloxyphenyl) 
diphenylmethyl, 4,4',4"-tris(4, 5-dichlorophthalimidophenyl) 
methyl, 4,4',4"-tris(levulinoyloxyphenyl)methyl, 4,4',4"-tris 
(benZoyloxyphenyl)methyl, 3 -(imidaZol-1-yl)bis(4',4" 
dimethoxyphenyl)methyl, 1 , 1 -bis(4 -methoxyphenyl)- 1 ' 
pyrenylmethyl, 9-anthryl, 9-(9-phenyl)xanthenyl, 9-(9 
phenyl-10-oxo)anthryl, 1,3 -benZodithiolan-2-yl, 
benZisothiaZolyl S,S-dioxido, trimethylsilyl (TMS), triethyl 
silyl (TES), triisopropylsilyl (TIPS), dimethylisopropylsilyl 
(IPDMS), diethylisopropylsilyl (DEIPS), dimethylthexylsi 
lyl, t-butyldimethylsilyl (TBDMS), t-butyldiphenylsilyl (TB 
DPS), tribenZylsilyl, tri-p-xylylsilyl, triphenylsilyl, diphe 
nylmethylsilyl (DPMS), t-butylmethoxyphenylsilyl 
(TBMPS), formate, benZoylformate, acetate, chloroacetate, 
dichloroacetate, trichloroacetate, tri?uoroacetate, methoxy 
acetate, triphenylmethoxyacetate, phenoxyacetate, p-chlo 
rophenoxyacetate, 3-phenylpropionate, 4-oxopentanoate (le 
vulinate), 4,4-(ethylenedithio)pentanoate 
(levulinoyldithioacetal), pivaloate, adamantoate, crotonate, 
4-methoxycrotonate, benZoate, p-phenylbenZoate, 2,4,6-tri 
methylbenZoate (mesitoate), alkyl methyl carbonate, 9-?uo 
renylmethyl carbonate (Fmoc), alkyl ethyl carbonate, alkyl 
2,2,2-trichloroethyl carbonate (Troc), 2-(trimethylsilyl)ethyl 
carbonate (TMSEC), 2-(phenylsulfonyl)ethyl carbonate 
(Psec), 2-(triphenylphosphonio) ethyl carbonate (Peoc), alkyl 
isobutyl carbonate, alkyl vinyl carbonate alkyl allyl carbon 
ate, alkyl p-nitrophenyl carbonate, alkyl benZyl carbonate, 
alkyl p-methoxybenZyl carbonate, alkyl 3,4-dimethoxyben 
Zyl carbonate, alkyl o-nitrobenzyl carbonate, alkyl p-ni 
trobenZyl carbonate, alkyl S-benZyl thiocarbonate, 4-ethoxy 
1 -napththyl carbonate, methyl dithiocarbonate, 
2-iodobenZoate, 4-aZidobutyrate, 4-nitro-4-methylpen 
tanoate, o-(dibromomethyl)benZoate, 2-formylbenZene 
sulfonate, 2-(methylthiomethoxy)ethyl, 4-(methylthi 
omethoxy)butyrate, 2-(methylthiomethoxymethyl)benZoate, 
2,6-dichloro -4 -methylphenoxyacetate, 2,6-dichloro -4-(1 , 1, 
3 ,3 -tetramethylbutyl)phenoxyacetate, 2 ,4 -bi s( 1 , 1 -dimethyl - 
propyl)phenoxyacetate, chlorodiphenylacetate, isobutyrate, 
monosuccinoate, (E)-2-methyl-2-butenoate, o-(methoxycar 
bonyl)benZoate, ot-naphthoate, nitrate, alkyl N,N,N',N'-tet 
ramethylphosphorodiamidate, alkyl N-phenylcarbamate, 
borate, dimethylphosphinothioyl, alkyl 2,4-dinitrophenyl 
sulfenate, sulfate, methanesulfonate (mesylate), benZylsul 
fonate, and tosylate (Ts). For protecting 1,2- or 1,3-diols, the 
protecting groups include methylene acetal, ethylidene 
acetal, l-t-butylethylidene ketal, 1-phenylethylidene ketal, 
(4-methoxyphenyl)ethylidene acetal, 2,2,2-trichloroeth 
ylidene acetal, acetonide, cyclopentylidene ketal, cyclohexy 
lidene ketal, cycloheptylidene ketal, benZylidene acetal, 
p-methoxybenZylidene acetal, 2,4-dimethoxybenZylidene 
ketal, 3,4-dimethoxybenZylidene acetal, 2-nitrobenZylidene 
acetal, methoxymethylene acetal, ethoxymethylene acetal, 
dimethoxymethylene ortho ester, 1-methoxyethylidene ortho 
ester, 1-ethoxyethylidine ortho ester, 1,2-dimethoxyeth 
ylidene ortho ester, ot-methoxybenzylidene ortho ester, 1-(N, 
N-dimethylamino)ethylidene derivative, ot-(N,N'-dimethy 
lamino)benZylidene derivative, 2-oxacyclopentylidene ortho 
ester, di-t-butylsilylene group (DTBS),1,3-(1,1,3,3-tetraiso 
propyldisiloxanylidene) derivative (TIPDS), tetra-t-butoxy 
disiloxane-1,3-diylidene derivative (TBDS), cyclic carbon 
ates, cyclic boronates, ethyl boronate, and phenyl boronate. 
Amino-protecting groups include methyl carbamate, ethyl 
carbamante, 9-?uorenylmethyl carbamate (Fmoc), 9-(2 
sulfo)?uorenylmethyl carbamate, 9-(2,7-dibromo)?uoroe 
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nylmethyl carbamate, 2,7-di-t-butyl-[9-(10,10-dioXo-10,10, 
10,10-tetrahydrothioxanthyl)]methyl carbamate (DBD 
Tmoc), 4-methoxyphenacyl carbamate (Phenoc), 2,2,2 
trichloroethyl carbamate (Troc), 2-trimethylsilylethyl 
carbamate (Teoc), 2-phenylethyl carbamate (hZ),1-(1-ada 
mantyl)-1-methylethyl carbamate (Adpoc), 1,1-dimethyl-2 
haloethyl carbamate, 1,1-dimethyl-2,2-dibromoethyl car 
bamate (DB-t-BQC), 1,1-dimethyl-2,2,2-trichloroethyl 
carbamate (TCBOC), 1-methyl-1-(4-biphenylyl)ethyl car 
bamate (Bpoc), 1-(3,5-di-t-butylphenyl)-1-methylethyl car 
bamate (t-Bumeoc), 2-(2'- and 4'-pyridyl)ethyl carbamate 
(Pyoc), 2-(N,N-dicyclohexylcarboxamido)ethyl carbamate, 
t-butyl carbamate (BOC), l-adamantyl carbamate (Adoc), 
vinyl carbamate (Voc), allyl carbamate (Alloc), l-isopropy 
lallyl carbamate (lpaoc), cinnamyl carbamate (Coc), 4-nitro 
cinnamyl carbamate (N oc), 8-quinolyl carbamate, N-hydrox 
ypiperidinyl carbamate, alkyldithio carbamate, benZyl 
carbamate (CbZ), p-methoXybenZyl carbamate (MoZ), p-ni 
tobenZyl carbamate, p-bromobenZyl carbamate, p-chlo 
robenZyl carbamate, 2,4-dichlorobenZyl carbamate, 4-meth 
ylsul?nylbenZyl carbamate (MsZ), 9-anthrylmethyl 
carbamate, diphenylmethyl carbamate, 2-methylthioethyl 
carbamate, 2-methylsulfonylethyl carbamate, 2-(p-toluene 
sulfonyl)ethyl carbamate, [2-(1,3-dithianyl)]methyl carbam 
ate (Dmoc), 4-methylthiophenyl carbamate (Mtpc), 2,4-dim 
ethylthiophenyl carbamate (Bmpc), 2-phosphonioethyl 
carbamate (Peoc), 2-triphenylphosphonioisopropyl carbam 
ate (Ppoc), 1,1-dimethyl-2-cyanoethyl carbamate, m-chloro 
p-acyloxybenzyl carbamate, p-(dihydroxyboryl)benzyl car 
bamate, S-benZisoXaZolylmethyl carbamate, 
2-(tri?uoromethyl)-6-chromonylmethyl carbamate (Tcroc), 
m-nitrophenyl carbamate, 3,5-dimethoXybenZyl carbamate, 
o-nitrobenZyl carbamate, 3,4-dimethoXy-6-nitrobenZyl car 
bamate, phenyl(o-nitrophenyl)methyl carbamate, phenothi 
aZinyl-(10)-carbonyl derivative, N'-p-toluenesulfonylami 
nocarbonyl derivative, N'-phenylaminothiocarbonyl 
derivative, t-amyl carbamate, S-benZyl thiocarbamate, p-cy 
anobenZyl carbamate, cyclobutyl carbamate, cyclohexyl car 
bamate, cyclopentyl carbamate, cyclopropylmethyl carbam 
ate, p-decyloXybenZyl carbamate, 2,2 
dimethoxycarb onylvinyl carb amate, o -(N,N 
dimethylcarboxamido)benZyl carbamate, 1,1-dimethyl-3 
(N,N-dimethylcarboxamido)propyl carbamate, 1 ,1 - 
dimethylpropynyl carbamate, di(2-pyridyl)methyl 
carbamate, 2-furanylmethyl carbamate, 2-iodoethyl carbam 
ate, isoborynl carbamate, isobutyl carbamate, isonicotinyl 
carbamate, p-(p'-methoxyphenylaZo)benZyl carbamate, 
1 -methylcyclobutyl carbamate, 1 -methylcyclohexyl carbam 
ate, 1-methyl-1-cyclopropylmethyl carbamate, 1-methyl-1 
(3, 5-dimethoxyphenyl)ethyl carbamate, 1-methyl-1 -(p-phe 
nylaZophenyl)ethyl carbamate, 1 -methyl-1 -phenylethyl 
carbamate, 1-methyl-1-(4-pyridyl)ethyl carbamate, phenyl 
carbamate, p-(phenylaZo)benZyl carbamate, 2,4,6-tri-t-bu 
tylphenyl carbamate, 4-(trimethylammonium)benZyl car 
bamate, 2,4,6-trimethylbenZyl carbamate, formamide, aceta 
mide, chloroacetamide, trichloroacetamide, 
tri?uoroacetamide, phenylacetamide, 3-phenylpropanamide, 
picolinamide, 3-pyridylcarboxamide, N-benZoylphenylala 
nyl derivative, benZamide, p-phenylbenZamide, o-nitopheny 
lacetamide, o-nitrophenoxyacetamide, acetoacetamide, (N' 
dithiobenZyloXycarbonylamino)acetamide, 3-(p 
hydroxyphenyl)propanamide, 3-(o-nitrophenyl) 
propanamide, 2-methyl-2-(o-nitrophenoxy)propanamide, 
2-methyl-2-(o-phenylaZophenoXy)propanamide, 4-chlo 

Jan. 13, 2011 

robutanamide, 3-methyl-3-nitrobutanamide, o-nitrocinna 
mide, N-acetylmethionine derivative, o-nitrobenZamide, 
o-(benZoyloxymethyl)benZamide, 4,5-diphenyl-3-oXaZolin 
2-one, N-phthalimide, N-dithiasuccinimide (Dts), N-2,3 
diphenylmaleimide, N-2,5-dimethylpyrrole, N-1,1,4,4-tet 
ramethyldisilylaZacyclopentane adduct (STABASE),5 
substituted 1,3 -dimethyl-1,3,5-triaZacycloheXan-2-one, 
5 -sub stituted 1,3 -dibenZyl-1,3,5-triaZacycloheXan-2-one, 
1-substituted 3,5-dinitro-4-pyridone, N-methylamine, N-al 
lylamine, N-[2-(trimethylsilyl)ethoxy]methylamine (SEM), 
N-3-acetoxypropylamine, N-(1-isopropyl-4-nitro-2-oXo-3 
pyroolin-3-yl)amine, quaternary ammonium salts, N-benZy 
lamine, N-di(4-methoxyphenyl)methylamine, N-S-dibenZo 
suberylamine, N-triphenylmethylamine (Tr), N-[(4 
methoxyphenyl)diphenylmethyl]amine (MMTr), N-9 
phenyl?uorenylamine (PhF), N-2,7-dichloro-9 
?uorenylmethyleneamine, N-ferrocenylmethylamino (Fcm), 
N-Z-picolylamino N'-oxide, N-1,l-dimethylthiomethylene 
amine, N-benZylideneamine, N-p-methoXybenZylideneam 
ine, N-diphenylmethyleneamine, N-[(2-pyridyl)mesityl]me 
thyleneamine, Ni(N',N'-dimethylaminomethylene)amine, 
N,N'-isopropylidenediamine, N-p-nitrobenZylideneamine, 
N-salicylideneamine, N-5-chlorosalicylideneamine, N-(5 
chloro-2-hydroxyphenyl)phenylmethyleneamine, N-cyclo 
hexylideneamine, N- (5 ,5 -dimethyl-3-oxo-1 -cyclohexenyl) 
amine, N-borane derivative, N-diphenylborinic acid 
derivative, N-[phenyl(pentacarbonylchromium- or tungsten) 
carbonyl]amine, N-copper chelate, N-Zinc chelate, N-ni 
troamine, N-nitrosoamine, amine N-oxide, diphenylphosphi 
namide (Dpp), dimethylthiophosphinamide (Mpt), 
diphenylthiophosphinamide (Ppt), dialkyl phosphorami 
dates, dibenZyl phosphoramidate, diphenyl phosphorami 
date, benZenesulfenamide, o-nitrobenZenesulfenamide 
(Nps), 2,4-dinitrobenZenesulfenamide, pentachlorobenZene 
sulfenamide, 2-nitro-4-methoXybenZenesulfenamide, triph 
enylmethylsulfenamide, 3-nitropyridinesulfenamide (Npys), 
p-toluenesulfonamide (Ts), benZenesulfonamide, 2,3,6,-tri 
methyl-4-methoxybenZenesulfonamide (Mtr), 2,4,6-tri 
methoxybenZenesulfonamide (Mtb), 2,6-dimethyl-4-meth 
oXybenZenesulfonamide (Pme), 2,3,5,6-tetramethyl-4 
methoxybenZenesulfonamide (Mte), 
4-methoxybenZenesulfonamide (Mbs), 2,4,6-trimethylben 
Zenesulfonamide (Mts), 2,6-dimethoXy-4-methylbenZene 
sulfonamide (iMds), 2,2,5,7,8-pentamethylchroman-6-sul 
fonamide (Pmc), methanesulfonamide (Ms), 
[3-trimethylsilylethanesulfonamide (SES),9-anthracene 
sulfonamide, 4-(4',8'-dimethoxynaphthylmethyl)benZene 
sulfonamide (DNMBS), benZylsulfonamide, tri?uorometh 
ylsulfonamide, and phenacylsulfonamide. Exemplary 
protecting groups are detailed herein, hoWever, it Will be 
appreciated that the present invention is not intended to be 
limited to these protecting groups; rather, a variety of addi 
tional equivalent protecting groups can be readily identi?ed 
using the above criteria and utiliZed in the method of the 
present invention. Additionally, a variety of protecting groups 
are described in Protective Groups in Organic Synthesis, 
Third Ed. Greene, T. W. and Wuts, P.G., Eds., John Wiley & 
Sons, NeWYork: 1999, the entire contents of Which are hereby 
incorporated by reference. 
[0016] It Will be appreciated that the compounds, as 
described herein, may be substituted With any number of 
sub stituents or functional moieties. In general, the term “sub 
stituted” Whether preceded by the term “optionally” or not, 
and sub stituents contained in formulas of this invention, refer 
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to the replacement of hydrogen radicals in a given structure 
With the radical of a speci?ed substituent. When more than 
one position in any given structure may be substituted With 
more than one sub stituent selected from a speci?ed group, the 
sub stituent may be either the same or different at every posi 
tion. As used herein, the term “substituted” is contemplated to 
include all permissible substituents of organic compounds. In 
a broad aspect, the permissible substituents include acyclic 
and cyclic, branched and unbranched, carbocyclic and het 
erocyclic, aromatic and nonaromatic substituents of organic 
compounds. For purposes of this invention, heteroatoms such 
as nitrogen may have hydrogen substituents and/ or any per 
missible substituents of organic compounds described herein 
Which satisfy the valencies of the heteroatoms. Furthermore, 
this invention is not intended to be limited in any manner by 
the permissible substituents of organic compounds. Combi 
nations of substituents and variables envisioned by this inven 
tion are preferably those that result in the formation of stable 
compounds useful in the treatment, for example, of infectious 
diseases or proliferative disorders. The term “stable”, as used 
herein, preferably refers to compounds Which possess stabil 
ity suf?cient to alloW manufacture and Which maintain the 
integrity of the compound for a suf?cient period of time to be 
detected and preferably for a suf?cient period of time to be 
useful for the purposes detailed herein. 

[0017] The term “aliphatic”, as used herein, includes both 
saturated and unsaturated, straight chain (i.e., unbranched), 
branched, acyclic, cyclic, or polycyclic aliphatic hydrocar 
bons, Which are optionally substituted With one or more func 
tional groups. As Will be appreciated by one of ordinary skill 
in the art, “aliphatic” is intended herein to include, but is not 
limited to, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, 
and cycloalkynyl moieties. Thus, as used herein, the term 
“alkyl” includes straight, branched and cyclic alkyl groups. 
An analogous convention applies to other generic terms such 
as “alkenyl”, “alkynyl”, and the like. Furthermore, as used 
herein, the terms “alkyl”, “alkenyl”, “alkynyl”, and the like 
encompass both substituted and unsubstituted groups. In cer 
tain embodiments, as used herein, “loWer alkyl” is used to 
indicate those alkyl groups (cyclic, acyclic, substituted, 
unsubstituted, branched or unbranched) having 1-6 carbon 
atoms. 

[0018] In certain embodiments, the alkyl, alkenyl, and 
alkynyl groups employed in the invention contain 1-20 ali 
phatic carbon atoms. In certain other embodiments, the alkyl, 
alkenyl, and alkynyl groups employed in the invention con 
tain 1-10 aliphatic carbon atoms. In yet other embodiments, 
the alkyl, alkenyl, and alkynyl groups employed in the inven 
tion contain 1-8 aliphatic carbon atoms. In still other embodi 
ments, the alkyl, alkenyl, and alkynyl groups employed in the 
invention contain 1-6 aliphatic carbon atoms. In yet other 
embodiments, the alkyl, alkenyl, and alkynyl groups 
employed in the invention contain 1-4 carbon atoms. Illustra 
tive aliphatic groups thus include, but are not limited to, for 
example, methyl, ethyl, n-propyl, isopropyl, cyclopropyl, 
iCHz-cyclopropyl, vinyl, allyl, n-butyl, sec-butyl, isobutyl, 
tert-butyl, cyclobutyl, 4CH2-cyclobutyl, n-pentyl, sec-pen 
tyl, isopentyl, ter‘t-pentyl, cyclopentyl, 4CH2-cyclopentyl, 
n-hexyl, sec-hexyl, cyclohexyl, 4CH2-cyclohexyl moieties 
and the like, Which again, may bear one or more substituents. 
Alkenyl groups include, but are not limited to, for example, 
ethenyl, propenyl, butenyl, 1-methyl-2-buten-1-yl, and the 
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like. Representative alkynyl groups include, but are not lim 
ited to, ethynyl, 2-propynyl (propargyl), 1-propynyl, and the 
like. 
[0019] The term “alkyl” as used herein refers to saturated, 
straight- or branched-chain hydrocarbon radicals derived 
from a hydrocarbon moiety containing betWeen one and 
tWenty carbon atoms by removal of a single hydrogen atom. 
Examples of alkyl radicals include, but are not limited to, 
methyl, ethyl, propyl, isopropyl, n-butyl, tert-butyl, n-pentyl, 
neopentyl, n-hexyl, n-heptyl, n-octyl, n-decyl, n-undecyl, and 
dodecyl. 
[0020] The term “alkenyl” denotes a monovalent group 
derived from a hydrocarbon moiety having at least one car 
bon-carbon double bond by the removal of a single hydrogen 
atom. Alkenyl groups include, for example, ethenyl, prope 
nyl, butenyl, 1-methyl-2-buten-1-yl, and the like. 
[0021] The term “alkynyl” as used herein refers to a 
monovalent group derived form a hydrocarbon having at least 
one carbon-carbon triple bond by the removal of a single 
hydrogen atom. Representative alkynyl groups include ethy 
nyl, 2-propynyl (propargyl), 1-propynyl, and the like. 
[0022] The term “alkoxy”, or “thioalkyl” as used herein 
refers to an alkyl group, as previously de?ned, attached to the 
parent molecule through an oxygen atom or through a sulfur 
atom. In certain embodiments, the alkyl, alkenyl, and alkynyl 
groups contain 1-20 alipahtic carbon atoms. In certain other 
embodiments, the alkyl, alkenyl, and alkynyl groups contain 
1-10 aliphatic carbon atoms. In yet other embodiments, the 
alkyl, alkenyl, and alkynyl groups employed in the invention 
contain 1-8 aliphatic carbon atoms. In still other embodi 
ments, the alkyl, alkenyl, and alkynyl groups contain 1-6 
aliphatic carbon atoms. In yet other embodiments, the alkyl, 
alkenyl, and alkynyl groups contain 1-4 aliphatic carbon 
atoms. Examples of alkoxy, include but are not limited to, 
methoxy, ethoxy, propoxy, isopropoxy, n-butoxy, ter‘t-butoxy, 
neopentoxy, and n-hexoxy. Examples of thioalkyl include, 
but are not limited to, methylthio, ethylthio, propylthio, iso 
propylthio, n-butylthio, and the like. 
[0023] The term “alkylamino” refers to a group having the 
structure iNHR', Wherein R' is aliphatic, as de?ned herein. 
In certain embodiments, the aliphatic group contains 1-20 
aliphatic carbon atoms. In certain other embodiments, the 
aliphatic group contains 1-10 aliphatic carbon atoms. In yet 
other embodiments, the aliphatic group employed in the 
invention contain 1-8 aliphatic carbon atoms. In still other 
embodiments, the aliphatic group contains 1-6 aliphatic car 
bon atoms. In yet other embodiments, the aliphatic group 
contains 1-4 aliphatic carbon atoms. Examples of alkylamino 
groups include, but are not limited to, methylamino, ethy 
lamino, n-propylamino, iso-propylamino, cyclopropy 
lamino, n-butylamino, ter‘t-butylamino, neopentylamino, 
n-pentylamino, hexylamino, cyclohexylamino, and the like. 
[0024] The term “carboxylic acid” as used herein refers to 
a group of formula 4CO2H. 
[0025] The term “dialkylamino” refers to a group having 
the structure iNRR', Wherein R and R' are each an aliphatic 
group, as de?ned herein. R and R' may be the same or differ 
ent in an dialkyamino moiety. In certain embodiments, the 
aliphatic groups contains 1-20 aliphatic carbon atoms. In 
certain other embodiments, the aliphatic groups contains 
1-10 aliphatic carbon atoms. In yet other embodiments, the 
aliphatic groups employed in the invention contain 1-8 ali 
phatic carbon atoms. In still other embodiments, the aliphatic 
groups contains 1-6 aliphatic carbon atoms. In yet other 
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embodiments, the aliphatic groups contains 1-4 aliphatic car 
bon atoms. Examples of dialkylamino groups include, but are 
not limited to, dimethylamino, methyl ethylamino, diethy 
lamino, methylpropylamino, di(n-propyl)amino, di(iso-pro 
pyl)amino, di(cyclopropyl)amino, di(n-butyl)amino, di(tert 
butyl)amino, di(neopentyl)amino, di(n-pentyl)amino, 
di(hexyl)amino, di(cyclohexyl)amino, and the like. In certain 
embodiments, R and R' are linked to form a cyclic structure. 
The resulting cyclic structure may be aromatic or non-aro 
matic. Examples of cyclic diaminoalkyl groups include, but 
are not limted to, aZiridinyl, pyrrolidinyl, piperidinyl, mor 
pholinyl, pyrrolyl, imidaZolyl, 1,3,4-trianolyl, and tetraZolyl. 
[0026] Some examples of substituents of the above-de 
scribed aliphatic (and other) moieties of compounds of the 
invention include, but are not limited to aliphatic; het 
eroaliphatic; aryl; heteroaryl; arylalkyl; heteroarylalkyl; 
alkoxy; aryloxy; heteroalkoxy; heteroaryloxy; alkylthio; 
arylthio; heteroalkylthio; heteroarylthio; F; Cl; Br; I; ‘OH; 
iNOZ; %N; %F3; %H2CF3; %HCl2; %H2OH; 
iCHzCHzOH; %H2NH2; %H2SO2CH3; %(O)Rx; 
iCO2(Rx); %ON(RX)2; %)C(O)Rx; ADCO2RX; 
*OCOMRQZ; *MRQZ; *S(O)2R.; *NRX(CO)RX 
Wherein each occurrence of R,C independently includes, but is 
not limited to, aliphatic, heteroaliphatic, aryl, heteroaryl, ary 
lalkyl, or heteroarylalkyl, Wherein any of the aliphatic, het 
eroaliphatic, arylalkyl, or heteroarylalkyl substituents 
described above and herein may be substituted or unsubsti 
tuted, branched or unbranched, cyclic or acyclic, and Wherein 
any of the aryl or heteroaryl substituents described above and 
herein may be substituted or unsubstituted. Additional 
examples of generally applicable substituents are illustrated 
by the speci?c embodiments shoWn in the Examples that are 
described herein. 

[0027] In general, the terms aryl” and “heteroaryl”, as 
used herein, refer to stable mono- or polycyclic, heterocyclic, 
polycyclic, and polyheterocyclic unsaturated moieties having 
preferably 3-14 carbon atoms, each of Which may be substi 
tuted or unsubstituted. Substituents include, but are not lim 
ited to, any of the previously mentioned substitutents, i.e., the 
substituents recited for aliphatic moieties, or for other moi 
eties as disclosed herein, resulting in the formation of a stable 
compound. In certain embodiments of the present invention, 
“aryl” refers to a mono- or bicyclic carbocyclic ring system 
having one or tWo aromatic rings including, but not limited to, 
phenyl, naphthyl, tetrahydronaphthyl, indanyl, indenyl, and 
the like. In certain embodiments of the present invention, the 
term “heteroaryl”, as used herein, refers to a cyclic aromatic 
radical having from ?ve to ten ring atoms of Which one ring 
atom is selected from S, O, andN; Zero, one, or tWo ring atoms 
are additional heteroatoms independently selected from S, O, 
and N; and the remaining ring atoms are carbon, the radical 
being joined to the rest of the molecule via any of the ring 
atoms, such as, for example, pyridyl, pyraZinyl, pyrimidinyl, 
pyrrolyl, pyraZolyl, imidaZolyl, thiaZolyl, oxaZolyl, isoox 
aZolyl, thiadiaZolyl,oxadiaZolyl, thiophenyl, furanyl, quino 
linyl, isoquinolinyl, and the like. 
[0028] It Will be appreciated that aryl and heteroaryl groups 
can be unsubstituted or substituted, Wherein substitution 
includes replacement of one, tWo, three, or more of the hydro 
gen atoms thereon independently With any one or more of the 
folloWing moieties including, but not limited to: aliphatic; 
heteroaliphatic; aryl; heteroaryl; arylalkyl; heteroarylalkyl; 
alkoxy; aryloxy; heteroalkoxy; heteroaryloxy; alkylthio; 
arylthio; heteroalkylthio; heteroarylthio; iF; iCl; iBr; 
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*1; ‘OH; iNOZ; iCN; iCF3; iCH2CF3; iCHCIZ; 
4CH2OH; iCHzCHzOH; 4CH2NH2; 4CH2SO2CH3; 
%(O)R.; *COARX); *COMRQZ; *OCKDRX; 
wcozRx; iocoN(R,,)2; *N(R,,)2; *S(O)2Rx; iNRx 
(CO)RX, Wherein each occurrence of R,C independently 
includes, but is not limited to, aliphatic, heteroaliphatic, aryl, 
heteroaryl, arylalkyl, or heteroarylalkyl, Wherein any of the 
aliphatic, heteroaliphatic, arylalkyl, or heteroarylalkyl sub 
stituents described above and herein may be substituted or 
unsubstituted, branched or unbranched, cyclic or acyclic, and 
Wherein any of the aryl or heteroaryl substituents described 
above and herein may be substituted or unsubstituted. Addi 
tional examples of generally applicable substitutents are 
illustrated by the speci?c embodiments shoWn in the 
Examples that are described herein. 

[0029] The term “cycloalkyl”, as used herein, refers spe 
ci?cally to groups having three to seven, preferably three to 
ten carbon atoms. Suitable cycloalkyls include, but are not 
limited to cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl and the like, Which, as in the case of other ali 
phatic, heteroaliphatic, or heterocyclic moieties, may option 
ally be substituted With sub stituents including, but not limited 
to aliphatic; heteroaliphatic; aryl; heteroaryl; arylalkyl; het 
eroarylalkyl; alkoxy; aryloxy; heteroalkoxy; heteroaryloxy; 
alkylthio; arylthio; heteroalkylthio; heteroarylthio; iF; 
4C1; iBr; *1; ‘OH; iNOZ; 4CN; ‘C133; iCH2CF3; 
%HCl2; %H2OH; iCHzCHzOH; iCH2NH2; 
%H2SO2CH3; iC(O)Rx; %O2(Rx); %ON(RX)2; 
%)C(O)Rx; ADCOZRX; %)CON(R,€)2; *N(Rx)2; *S(O) 
2RX; iNRx(CO)Rx, Wherein each occurrence of R,C indepen 
dently includes, but is not limited to, aliphatic, het 
eroaliphatic, aryl, heteroaryl, arylalkyl, or heteroarylalkyl, 
Wherein any of the aliphatic, heteroaliphatic, arylalkyl, or 
heteroarylalkyl sub stituents described above and herein may 
be substituted or unsubstituted, branched or unbranched, 
cyclic or acyclic, and Wherein any of the aryl or heteroaryl 
sub stituents described above and herein may be substituted or 
unsubstituted. Additional examples of generally applicable 
substitutents are illustrated by the speci?c embodiments 
shoWn in the Examples that are described herein. 

[0030] The term “heteroaliphatic”, as used herein, refers to 
aliphatic moieties that contain one or more oxygen, sulfur, 
nitrogen, phosphorus, or silicon atoms, e.g., in place of car 
bon atoms. Heteroaliphatic moieties may be branched, 
unbranched, cyclic or acyclic and include saturated and 
unsaturated heterocycles such as morpholino, pyrrolidinyl, 
etc. In certain embodiments, heteroaliphatic moieties are sub 
stituted by independent replacement of one or more of the 
hydrogen atoms thereon With one or more moieties including, 
but not limited to aliphatic; heteroaliphatic; aryl; heteroaryl; 
arylalkyl; heteroarylalkyl; alkoxy; aryloxy; heteroalkoxy; 
heteroaryloxy; alkylthio; arylthio; heteroalkylthio; het 
eroarylthio; iF; 4C1; iBr; i1; iOH; iNOZ; iCN; 
%F3; %H2CF3; %HCl2; iCHzOH; iCHzCHzOH; 
%H2NH2; %H2SO2CH3; iC(O)Rx; %O2(Rx); 
%ON(RX)2; *OC(O)RX; *OCOZRX; ADCON(RX)2; 
iN(Rx)2; iS(O)2Rx; iNRx(CO)Rx, Wherein each occur 
rence of R,C independently includes, but is not limited to, 
aliphatic, heteroaliphatic, aryl, heteroaryl, arylalkyl, or het 
eroarylalkyl, Wherein any of the aliphatic, heteroaliphatic, 
arylalkyl, or heteroarylalkyl substituents described above and 
herein may be substituted or unsubstituted, branched or 
unbranched, cyclic or acyclic, and Wherein any of the aryl or 
heteroaryl substituents described above and herein may be 
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substituted or unsubstituted. Additional examples of gener 
ally applicable substitutents are illustrated by the speci?c 
embodiments shown in the Examples that are described 
herein. 
[0031] The terms “halo” and “halogen” as used herein refer 
to an atom selected from ?uorine, chlorine, bromine, and 
iodine. 
[0032] The term “haloalkyl” denotes an alkyl group, as 
de?ned above, having one, tWo, or three halogen atoms 
attached thereto and is exempli?ed by such groups as chlo 
romethyl, bromoethyl, tri?uoromethyl, and the like. 
[0033] The term “heterocycloalkyl” or “heterocycle”, as 
used herein, refers to a non-aromatic 5-, 6-, or 7-membered 
ring or a polycyclic group, including, but not limited to a bi 
or tri-cyclic group comprising fused six-membered rings hav 
ing betWeen one and three heteroatoms independently 
selected from oxygen, sulfur and nitrogen, Wherein (i) each 
5-membered ring has 0 to 1 double bonds and each 6-mem 
bered ring has 0 to 2 double bonds, (ii) the nitrogen and sulfur 
heteroatoms may be optionally be oxidiZed, (iii) the nitrogen 
heteroatom may optionally be quaterniZed, and (iv) any of the 
above heterocyclic rings may be fused to a benZene ring. 
Representative heterocycles include, but are not limited to, 
pyrrolidinyl, pyraZolinyl, pyraZolidinyl, imidaZolinyl, imida 
Zolidinyl, piperidinyl, piperaZinyl, oxaZolidinyl, isoxaZolidi 
nyl, morpholinyl, thiaZolidinyl, isothiaZolidinyl, and tetrahy 
drofuryl. In certain embodiments, a “substituted 
heterocycloalkyl or heterocycle” group is utiliZed and as used 
herein, refers to a heterocycloalkyl or heterocycle group, as 
de?ned above, substituted by the independent replacement of 
one, tWo or three of the hydrogen atoms thereon With but are 
not limited to aliphatic; heteroaliphatic; aryl; heteroaryl; ary 
lalkyl; heteroarylalkyl; alkoxy; aryloxy; heteroalkoxy; het 
eroaryloxy; alkylthio; arylthio; heteroalkylthio; het 
eroarylthio; iF; iCl; iBr; i1; iOH; iNOZ; iCN; 
iCF3; 4CH2CF3; 4CHCl2; iCHzOH; iCH2CH2OH; 
iCH2NH2; iCH2SO2CH3; iC(O)Rx; iCO2(Rx); 
iCON(Rx)2; %)C(O)Rx; ADCO2RX; 4OCON(RX)2; 
iN(Rx)2; iS(O)2Rx; iNRx(CO)Rx, Wherein each occur 
rence of R,C independently includes, but is not limited to, 
aliphatic, heteroaliphatic, aryl, heteroaryl, arylalkyl, or het 
eroarylalkyl, Wherein any of the aliphatic, heteroaliphatic, 
arylalkyl, or heteroarylalkyl substituents described above and 
herein may be substituted or unsubstituted, branched or 
unbranched, cyclic or acyclic, and Wherein any of the aryl or 
heteroaryl substituents described above and herein may be 
substituted or unsubstituted. Additional examples of gener 
ally applicable substitutents are illustrated by the speci?c 
embodiments shoWn in the Examples Which are described 
herein. 
[0034] “Carbocycle”: The term “carbocycle”, as used 
herein, refers to an aromatic or non-aromatic ring in Which 
each atom of the ring is a carbon atom. 

[0035] “Independently selected”: The term “independently 
selected” is used herein to indicate that the R groups can be 
identical or different. 

[0036] “Labeled”: As used herein, the term “labeled” is 
intended to mean that a compound has at least one element, 
isotope, or chemical compound attached to enable the detec 
tion of the compound. In general, labels typically fall into 
three classes: a) isotopic labels, Which may be radioactive or 
heavy isotopes, including, but not limited to, 2H, 3 H, 32F, 3 5 S, 

67Ga’ 99mTC (TC_99m)’ 111111’ 1231’ 1251’ 169% and 186Re; immune labels, Which may be antibodies or antigens, Which 
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may be bound to enZymes (such as horseradish peroxidase) 
that produce detectable agents; and c) colored, luminescent, 
phosphorescent, or ?uorescent dyes. It Will be appreciated 
that the labels may be incorporated into the compound at any 
position that does not interfere With the biological activity or 
characteristic of the compound that is being detected. In 
certain embodiments of the invention, photoa?inity labeling 
is utiliZed for the direct elucidation of intermolecular inter 
actions in biological systems. A variety of known photo 
phores can be employed, most relying on photoconversion of 
diaZo compounds, aZides, or diaZirines to nitrenes or carbenes 
(See, Bayley, H., Photogenerated Reagents in Biochemistry 
and Molecular Biology (1983), Elsevier, Amsterdam.), the 
entire contents of Which are hereby incorporated by refer 
ence. In certain embodiments of the invention, the photoaf 
?nity labels employed are 0-, m- and p-aZidobenZoyls, sub 
stituted With one or more halogen moieties, including, but not 
limited to 4-aZido-2,3,5,6-tetra?uorobenZoic acid. 
[0037] The terms halo and halogen as used herein refer to 
an atom selected from ?uorine, chlorine, bromine, and iodine. 

[0038] The term “heterocyclic”, as used herein, refers to a 
non-aromatic partially unsaturated or fully saturated 3- to 
10-membered ring system, Which includes single rings of 3 to 
8 atoms in siZe and bi- and tri-cyclic ring systems Which may 
include aromatic six-membered aryl or aromatic heterocyclic 
groups fused to a non-aromatic ring. These heterocyclic rings 
include those having from one to three heteroatoms indepen 
dently selected from oxygen, sulfur, and nitrogen, in Which 
the nitrogen and sulfur heteroatoms may optionally be oxi 
diZed and the nitrogen heteroatom may optionally be quater 
niZed. 

[0039] The term “heteroaryl”, as used herein, refers to a 
cyclic aromatic radical having from ?ve to ten ring atoms of 
Which one ring atom is selected from sulfur, oxygen, and 
nitrogen; Zero, one, or tWo ring atoms are additional heteroa 
toms independently selected from sulfur, oxygen, and nitro 
gen; and the remaining ring atoms are carbon, the radical 
being joined to the rest of the molecule via any of the ring 
atoms, such as, for example, pyridyl, pyraZinyl, pyrimidinyl, 
pyrrolyl, pyraZolyl, imidaZolyl, thiaZolyl, oxaZolyl, isoox 
aZolyl, thiadiaZolyl, oxadiaZolyl, thiophenyl, furanyl, quino 
linyl, isoquinolinyl, and the like. 
[0040] Speci?c heterocyclic and aromatic heterocyclic 
groups that may be included in the compounds of the inven 
tion include: 3-methyl-4-(3-methylphenyl)piperaZine, 3 
methylpiperidine, 4-(bis-(4-?uorophenyl)methyl)pipera 
Zine, 4-(diphenylmethyl)piperaZine, 4-(ethoxycarbonyl)pip 
eraZine, 4-(ethoxycarbonylmethyl)piperaZine, 4-(phenylm 
ethyl)piperaZine, 4-(1 -phenylethyl)piperaZine, 4-(1 ,1 - 
dimethylethoxycarbonyl)piperaZine, 4-(2-(bis-(2-propenyl) 
amino)ethyl)piperaZine, 4-(2-(diethylamino)ethyl) 
piperaZine, 4-(2-chlorophenyl)piperaZine, 4-(2 
cyanophenyl)piperaZine, 4-(2-ethoxyphenyl)piperaZine, 
4-(2-ethylphenyl)piperaZine, 4-(2-?uorophenyl)piperaZine, 
4-(2-hydroxyethyl)piperaZine, 4-(2-methoxyethyl)pipera 
Zine, 4-(2-methoxyphenyl)piperaZine, 4-(2-methylphenyl) 
piperaZine, 4-(2-methylthiophenyl)piperaZine, 4-(2-nitro 
phenyl)piperaZine, 4-(2-nitrophenyl)piperaZine, 4-(2 
phenylethyl)piperaZine, 4-(2-pyridyl)piperaZine, 4-(2 
pyrimidinyl)piperaZine, 4-(2,3-dimethylphenyl)piperaZine, 
4-(2,4-di?uorophenyl)piperaZine, 4-(2,4-dimethoxyphenyl) 
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piperaZine, 4-(2,4-dimethylphenyl)piperaZine, 4-(2,5-dim 
ethylphenyl)piperaZine, 4-(2,6-dimethylphenyl)piperaZine, 
4-(3-chlorophenyl)piperaZine, 4-(3-methylphenyl)pipera 
Zine, 4-(3-tri?uoromethylphenyl)piperaZine, 4-(3,4-dichlo 
rophenyl)piperaZine, 4-3,4-dimethoxyphenyl)piperaZine, 
4-(3,4-dimethylphenyl)piperaZine, 4-(3,4-methylenediox 
yphenyl)piperaZine, 4 -(3 ,4 , 5 -trimethoxyphenyl)piperaZine, 
4 -(3, 5 -dichlorophenyl)piperaZine, 4- (3 ,5 -dimethoxyphenyl) 
piperaZine, 4-(4-(phenylmethoxy)phenyl)piperaZine, 4-(4 
(3, 1-dimethylethyl)phenylmethyl)piperaZine, 4-(4 -chloro -3 - 
tri?uoromethylphenyl)piperaZine, 4-(4-chlorophenyl)-3 
methylpiperaZine, 4-(4-chlorophenyl)piperaZine, 4-(4 
chlorophenyl)piperaZine, 4-(4-chlorophenylmethyl) 
piperaZine, 4-(4-?uorophenyl)piperaZine, 4-(4 
methoxyphenyl)piperaZine, 4-(4-methylphenyl)piperaZine, 
4-(4-nitrophenyl)piperaZine, 4-(4-tri?uoromethylphenyl) 
piperaZine, 4-cyclohexylpiperaZine, 4-ethylpiperaZine, 4-hy 
droxy-4-(4-chlorophenyl)methylpiperidine, 4-hydroxy-4 
phenylpiperidine, 4-hydroxypyrrolidine, 
4-methylpiperaZine, 4-phenylpiperaZine, 4-piperidinylpip 
eraZine, 4-(2-furanyl)carbonyl)piperaZine, 4-((1,3-dioxolan 
5 -yl)methyl)piperaZine, 6-?uoro-1,2,3,4-tetrahydro-2-meth 
ylquinoline, 1,4-diaZacylcloheptane, 2,3-dihydroindolyl, 
3,3-dimethylpiperidine, 4,4-ethylenedioxypiperidine, 1,2,3, 
4-tetrahydroisoquinoline, 1,2,3,4-tetrahydroquinoline, aZa 
cyclooctane, decahydroquinoline, piperaZine, piperidine, 
pyrrolidine, thiomorpholine, and triaZole. 
[0041] The terms “substituted,” Whether preceded by the 
term “optionally” or not, and sub stituent, as used herein, refer 
to the ability, as appreciated by one skilled in this art, to 
change one functional group for another functional group 
provided that the valency of all atoms is maintained. When 
more than one position in any given structure may be substi 
tuted With more than one substituent selected from a speci?ed 
group, the substituent may be either the same or different at 
every position. The substituents may also be further substi 
tuted (e. g., an aryl group substituent may have another sub 
stituent off it, such as another aryl group, Which is further 
substituted With ?uorine at one or more positions). 

[0042] The folloWing are more general terms used through 
out the present application: 
[0043] “Animal”: The term animal, as used herein, refers to 
humans as Well as non-human animals, including, for 
example, mammals, birds, reptiles, amphibians, and ?sh. 
Preferably, the non-human animal is a mammal (e.g., a 
rodent, a mouse, a rat, a rabbit, a monkey, a dog, a cat, a 
primate, or a pig). An animal may be a transgenic animal. 
[0044] “Associated With”: When tWo entities are “associ 
ated With” one another as described herein, they are linked by 
a direct or indirect covalent or non-covalent interaction. Pref 
erably, the association is covalent. Desirable non-covalent 
interactions include hydrogen bonding, van der Waals inter 
actions, hydrophobic interactions, magnetic interactions, 
electrostatic interactions, etc. 
[0045] “Biocompatible”: The term “biocompatible”, as 
used herein is intended to describe compounds that are not 
toxic to cells. Compounds are “biocompatible” if their addi 
tion to cells in vitro results in less than or equal to 20% cell 
death, and their administration in vivo does not induce 
in?ammation or other such adverse effects. 

[0046] “Biodegradable”: As used herein, “biodegradable” 
compounds are those that, When introduced into cells, are 
broken doWn by the cellular machinery or by hydrolysis into 
components that the cells can either reuse or dispose of With 
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out signi?cant toxic effect on the cells (i.e., feWer than about 
20% of the cells are killed When the components are added to 
cells in vitro). The components preferably do not induce 
in?ammation or other adverse effects in vivo. In certain pre 
ferred embodiments, the chemical reactions relied upon to 
break doWn the biodegradable compounds are uncatalyZed. 
[0047] “Effective amount”: In general, the “effective 
amount” of an active agent or drug delivery device refers to 
the amount necessary to elicit the desiredbiological response. 
As Will be appreciated by those of ordinary skill in this art, the 
effective amount of an agent or device may vary depending on 
such factors as the desired biological endpoint, the agent to be 
delivered, the composition of the encapsulating matrix, the 
target tissue, etc. For example, the effective amount of micro 
particles containing an antigen to be delivered to immuniZe an 
individual is the amount that results in an immune response 
suf?cient to prevent infection With an organism having the 
administered antigen. 
[0048] “Peptide” or “protein”: According to the present 
invention, a “peptide” or “protein” comprises a string of at 
least three amino acids linked together by peptide bonds. The 
terms “protein” and “peptide” may be used interchangeably. 
Peptide may refer to an individual peptide or a collection of 
peptides. Inventive peptides preferably contain only natural 
amino acids, although non-natural amino acids (i.e., com 
pounds that do not occur in nature but that can be incorporated 
into a polypeptide chain) and/or amino acid analogs as are 
knoWn in the art may alternatively be employed. Also, one or 
more of the amino acids in an inventive peptide may be 
modi?ed, for example, by the addition of a chemical entity 
such as a carbohydrate group, a phosphate group, a famesyl 
group, an isofarnesyl group, a fatty acid group, a linker for 
conjugation, functionaliZation, or other modi?cation, etc. In a 
preferred embodiment, the modi?cations of the peptide lead 
to a more stable peptide (e.g., greater half-life in vivo). These 
modi?cations may include cycliZation of the peptide, the 
incorporation of D-amino acids, etc. None of the modi?ca 
tions should substantially interfere With the desired biological 
activity of the peptide. 
[0049] “Polynucleotide” or “oligonucleotide”: Polynucle 
otide or oligonucleotide refers to a polymer of nucleotides. 
Typically, a polynucleotide comprises at least three nucle 
otides. The polymer may include natural nucleosides (i.e., 
adenosine, thymidine, guanosine, cytidine, uridine, deoxyad 
enosine, deoxythymidine, deoxyguanosine, and deoxycyti 
dine), nucleoside analogs (e.g., 2-aminoadenosine, 2-thiothy 
midine, inosine, pyrrolo-pyrimidine, 3-methyl adenosine, 
C5 -propynylcyti dine, C5 -propynyluridine, C5 -bromouri - 
dine, C5-?uorouridine, CS-iodouridine, C5-methylcytidine, 
7-deaZaadenosine, 7-deaZaguanosine, 8-oxoadenosine, 8-ox 
oguanosine, O(6)-methylguanine, and 2-thiocytidine), 
chemically modi?ed bases, biologically modi?ed bases (e. g., 
methylated bases), intercalated bases, modi?ed sugars (e.g., 
2% ?uororibose, ribose, 2'-deoxyribose, arabinose, and hex 
ose), or modi?ed phosphate groups (e.g., phosphorothioates 
and 5'-N-phosphoramidite linkages). 
[0050] “Small molecule”: As used herein, the term “small 
molecule” refers to organic compounds, Whether naturally 
occurring or arti?cially created (e. g., via chemical synthesis) 
that have relatively loW molecular Weight and that are not 
proteins, polypeptides, or nucleic acids. Typically, small mol 
ecules have a molecular Weight of less than about 1500 g/mol. 
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Also, small molecules typically have multiple carbon-carbon 
bonds. Known naturally-occurring small molecules include, 
but are not limited to, penicillin, erythromycin, taxol, 
cyclosporin, and rapamycin. Known synthetic small mol 
ecules include, but are not limited to, ampicillin, methicillin, 
sulfamethoXaZole, and sulfonamides. 

BRIEF DESCRIPTION OF THE DRAWING 

[0051] FIG. 1 shoWs acrylates and amines used in the syn 
thesis of exemplary amine-containing lipids. 
[0052] FIG. 2 shoWs 1H NMR spectra oflipids LD28 (A), 
LD86 (B), LD87 (C), ND32 (D), ND86 (E), and ND87 (F). 
[0053] FIG. 3 shoWs the DNA transfection ef?ciency of 
several of the inventive amine-containing lipids. 
[0054] FIG. 4 shoWs the percentage of luciferase knock 
doWn for several of the inventive lipids. 

DETAILED DESCRIPTION OF CERTAIN 
PREFERRED EMBODIMENTS OF THE 

INVENTION 

[0055] The present invention provides novel lipids and 
delivery systems based on the use of amino lipids. The system 
may be used in the pharmaceutical/ drug delivery arts to deliv 
ery polynucleotides, proteins, small molecules, peptides, 
antigen, drugs, etc. to a patient, tissue, organ, cell, etc. 
[0056] The amino lipids of the present invention provide 
for several different uses in the drug delivery art. The lipids 
With their amine-containing hydrophilic portion may be used 
to complex polynucleotides and thereby enhance the delivery 
of polynucleotide and prevent their degradation. The lipids 
may also be used in the formation of nanoparticles, micro 
particles, liposomes, and micelles containing the agent to be 
delivered. Preferably, the lipids are biocompatible and biode 
gradable, and the formed particles are also biodegradable and 
biocompatible and may be used to provide controlled, sus 
tained release of the agent. These lipids and their correspond 
ing particles may also be responsive to pH changes given that 
these lipids are protonated at loWer pH. 

Lipids 

[0057] The lipids of the present invention are lipids con 
taining primary, secondary, or tertiary amines and salts 
thereof. In a particularly preferred embodiment, the inventive 
lipids are relatively non-cytotoxic. In another particularly 
preferred embodiment, the inventive lipids are biocompatible 
and biodegradable. In a particularly preferred embodiment, 
the lipids of the present invention have pKas in the range of 
5.5 to 7.5, more preferably betWeen 6.0 and 7.0. In another 
particularly preferred embodiment, the lipid may be designed 
to have a desired pKa betWeen 3.0 and 9.0, more preferably 
betWeen 5.0 and 8.0. The inventive lipids are particularly 
attractive for drug delivery for several reasons: 1) they contain 
amino groups for interacting With DNA, RNA, other poly 
nucleotides, and other negatively charged agents, for buffer 
ing the pH, for causing endosomolysis, etc.; 2) they can be 
synthesiZed from commercially available starting materials; 
and 3) they are pH responsive and can be engineered With a 
desired pKa. 
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[0058] In certain embodiments, the lipids of the present 
invention are of the formula (I): 

(1) 

Wherein each occurrence of V is independently selected from 
the group consisting of C:O, C:S, S:O, and SO2; 
[0059] R1 is selected from the group consisting of hydro 
gen; halogen; cyclic or acyclic, substituted or unsubstituted, 
branched or unbranched aliphatic; cyclic or acyclic, substi 
tuted or unsubstituted, branched or unbranched het 
eroaliphatic; substituted or unsubstituted, branched or 
unbranched acyl; substituted or unsubstituted, branched or 
unbranched aryl; substituted or unsubstituted, branched or 
unbranched heteroaryl; ‘ORA; 4C(:O)RA; 4CO2RA; 
4CN; iSCN; iSRA; iSORA; iSOzRA; iNOZ; iN3; 
iN(RA)2; iNHC(:O)RA; iNRAC(:O)N(RA)2; 40C 
(:O)ORA; wC(:O)RA; wC(:O)N<RA)2; *NRAC 
(:O)ORA; or iC(RA)3; Wherein each occurrence of R A is 
independently a hydrogen; a protecting group; halogen; 
cyclic or acyclic, substituted or unsubstituted, branched or 
unbranched aliphatic; cyclic or acyclic, substituted or unsub 
stituted, branched or unbranched heteroaliphatic; substituted 
or unsubstituted, branched or unbranched acyl; substituted or 
unsubstituted, branched or unbranched aryl; substituted or 
unsubstituted, branched or unbranched heteroaryl; an acyl 
moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alky 
lamino, dialkylamino, heteroaryloxy; or heteroarylthio moi 
ety; 
[0060] R2 is selected from the group consisting of hydro 
gen; halogen; cyclic or acyclic, substituted or unsubstituted, 
branched or unbranched aliphatic; cyclic or acyclic, substi 
tuted or unsubstituted, branched or unbranched het 
eroaliphatic; substituted or unsubstituted, branched or 
unbranched acyl; substituted or unsubstituted, branched or 
unbranched aryl; substituted or unsubstituted, branched or 
unbranched heteroaryl; ‘ORB; 4C(:O)RB; 4CO2RB; 
4CN; iSCN; iSRB; iSORB; iSOzRB; iNOZ; iN3; 
iN(RB)2; iNHC(:O)RB; iNRBC(:O)N(RB)2; 40C 
(:moRB; wC(:O)RB; wC(:O)N<RB)2; *NRBC 
(:O)ORB; or iC(RB)3; Wherein each occurrence of RE is 
independently a hydrogen; a protecting group; halogen; 
cyclic or acyclic, substituted or unsubstituted, branched or 
unbranched aliphatic; cyclic or acyclic, substituted or unsub 
stituted, branched or unbranched heteroaliphatic; substituted 
or unsubstituted, branched or unbranched acyl; substituted or 
unsubstituted, branched or unbranched aryl; substituted or 
unsubstituted, branched or unbranched heteroaryl; an acyl 
moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alky 
lamino, dialkylamino, heteroaryloxy; or heteroarylthio moi 
ety; 
[0061] wherein R1 and R2 may be taken together to form a 
cyclic structure; 
[0062] R3 is selected from the group consisting of hydro 
gen; halogen; cyclic or acyclic, substituted or unsubstituted, 
branched or unbranched aliphatic; cyclic or acyclic, substi 
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tuted or unsubstituted, branched or unbranched het 
eroaliphatic; substituted or unsubstituted, branched or 
unbranched acyl; substituted or unsubstituted, branched or 
unbranched aryl; substituted or unsubstituted, branched or 
unbranched heteroaryl; iORC; 4C(:O)RC; 4CO2RC; 
iCN; iSCN; iSRC; iSORC; iSO2RC; iNO2; iN3; 
*N(Rc)2; *NHC(:O)Rc; *NRcC(:O)N(Rc)2; 40C 
(:mORc; *0C(:0)RC; wc(:0)N(RC)2; *NRCC 
(:O)ORC; or 4C(RC)3; Wherein each occurrence of RC is 
independently a hydrogen; a protecting group; halogen; 
cyclic or acyclic, substituted or unsubstituted, branched or 
unbranched aliphatic; cyclic or acyclic, substituted or unsub 
stituted, branched or unbranched heteroaliphatic; substituted 
or unsubstituted, branched or unbranched acyl; substituted or 
unsubstituted, branched or unbranched aryl; substituted or 
unsubstituted, branched or unbranched heteroaryl; an acyl 
moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alky 
lamino, dialkylamino, heteroaryloxy; or heteroarylthio moi 
ety; each occurrence of R5 is independently selected from the 
group consisting of hydrogen and Cl-C6 alkyl; 
[0063] each occurrence of R6 is independently selected 
from the group consisting of hydrogen and C l-C6 alkyl; and 
salts thereof. 
[0064] In certain embodiments, the tertiary amine of for 
mula (I) is protonated or alkylated to form a compound of 
formula (la): 

Wherein R1, R2, R3, R5, R6, and V are de?ned above; 
[0065] R7 is hydrogen or C l-C6 aliphatic, preferably C l-C6 
alkyl, more preferably hydrogen or methyl; and 
[0066] X is any anion. Possible anions include ?uoride, 
chloride, bromide, iodide, sulfate, bisulfate, phosphate, 
nitrate, acetate, fumarate, oleate, citrate, Valerate, maleate, 
oxalate, isonicotinate, lactate, salicylate, tartrate, tannate, 
pantothenate, bitartrate, ascorbate, succinate, gentisinate, 
gluconate, glucaronate, saccharate, formate, benZoate, 
glutamate, methanesulfonate, ethanesulfonate, benZene 
sulfonate, p-toluenesulfonate, and pamoate (i.e., 1,1'-methyl 
ene-bis-(2-hydroXy-3 -naphthoate). 
[0067] In certain embodiments, V is C:O. In other 
embodiments, V is C:S. In yet other embodiments, V is 
8:0. In still other embodiments, V is S02. 
[0068] In certain embodiments, R1 is hydrogen. In other 
embodiments, R1 is a cyclic or acyclic, substituted or unsub 
stituted, branched or un branched aliphatic or heteroaliphatic 
moiety. In certain embodiments, R1 is a substituted or unsub 
stituted aryl or heteroaryl moiety. Preferably, the aryl or het 
eroaryl moiety is a monocyclic 5- or 6-membered ring sys 
tem. In certain embodiments, R1 is iORA, iSRA, iNRA)2, 
or iNHRA. In certain embodiments, R1 is ‘ORA. In other 
embodiments, R1 is iN(RA)2 or iNHRA. In certain embodi 
ments, R A is hydrogen. In other embodiments, R A is a cyclic 
or acyclic, substituted or unsubstituted, branched or 
unbranched aliphatic or heteroaliphatic moiety. In certain 
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embodiments, R A is an acyclic, substituted or unsubstituted 
aliphatic moiety. In certain other embodiments, R A is an acy 
clic, unsubstituted, unbranched aliphatic moiety, preferably 
C6-C3O, more preferably Clo-C20. In certain embodiments, 
R A is an unsubstituted, straight chain alkyl group With at least 
5 carbons. In certain embodiments, R A is an unsubstituted, 
straight chain alkyl group, preferably C6-C3O, more prefer 
ably C lo-Czo. In certain embodiments, R1 is ‘ORA, Wherein 
R A is an unsubstituted, unbranched C9 alkyl chain. In certain 
embodiments, R1 is ‘ORA, Wherein R A is an unsubstituted, 
unbranched C10 alkyl chain. In certain embodiments, R1 is 
‘ORA, Wherein R A is an unsubstituted, unbranched C 1 1 alkyl 
chain. In certain embodiments, R1 is iORA, Wherein R A is an 
unsubstituted, unbranched C 1 2 alkyl chain. In certain embodi 
ments, R1 is ‘ORA, Wherein R A is an unsubstituted, 
unbranched C13 alkyl chain. In certain embodiments, R1 is 
‘ORA, Wherein R A is an unsubstituted, unbranched C l 4 alkyl 
chain. In certain embodiments, R1 is iORA, Wherein R A is an 
unsubstituted, unbranched C 1 5 alkyl chain. In certain embodi 
ments, R1 is ‘ORA, Wherein R A is an unsubstituted, 
unbranched C16 alkyl chain. In certain embodiments, R1 is 
‘ORA, Wherein R A is an unsubstituted, unbranched C l 7 alkyl 
chain. In certain embodiments, R1 is iORA, Wherein R A is an 
unsubstituted, unbranched C l 8 alkyl chain. In certain embodi 
ments, R1 is ‘ORA, Wherein R A is an unsubstituted, 
unbranched C19 alkyl chain. In certain embodiments, R1 is 
‘ORA, Wherein R A is an unsubstituted, unbranched C20 alkyl 
chain. In yet other embodiments, R A is a substituted or unsub 
stituted aryl or heteroaryl moiety. 
[0069] In certain embodiments, R2 is hydrogen. In other 
embodiments, R2 is a cyclic or acyclic, substituted or unsub 
stituted, branched or un branched aliphatic or heteroaliphatic 
moiety. In certain embodiments, R2 is a substituted or unsub 
stituted aryl or heteroaryl moiety. Preferably, the aryl or het 
eroaryl moiety is a monocyclic 5- or 6-membered ring sys 
tem. In certain embodiments, R2 is ‘ORB, iSRB, iN(RB) 
2, or iNHRB. In certain embodiments, R2 is iORB. In other 
embodiments, R2 is iN(RB)2 or iNHRB. In certain embodi 
ments, RE is hydrogen. In other embodiments, RE is a cyclic 
or acyclic, substituted or unsubstituted, branched or 
unbranched aliphatic or heteroaliphatic moiety. In certain 
embodiments, RE is an acyclic, substituted or unsubstituted 
aliphatic moiety. In certain embodiments, RE is an unsubsti 
tuted, straight chain alkyl group With at least 5 carbons. In 
certain other embodiments, RE is an acyclic, unsubstituted, 
unbranched aliphatic moiety, preferably C6-C3O, more pref 
erably Clo-C20. In certain embodiments, RE is an unsubsti 
tuted, straight chain alkyl group, preferably C6-C3O, more 
preferably Clo-C20. In certain embodiments, R2 is ‘ORB, 
Wherein RE is an unsubstituted, unbranched C9 alkyl chain. In 
certain embodiments, R2 is iORB, Wherein RE is an unsub 
stituted, unbranched C 10 alkyl chain. In certain embodiments, 
R2 is ‘ORB, Wherein RE is an unsubstituted, unbranched C l 1 
alkyl chain. In certain embodiments, R2 is iORB, Wherein 
RE is an unsubstituted, unbranched C 1 2 alkyl chain. In certain 
embodiments, R2 is ‘ORB, Wherein RE is an unsubstituted, 
unbranched C13 alkyl chain. In certain embodiments, R2 is 
‘ORB, Wherein RE is an unsubstituted, unbranched C l 4 alkyl 
chain. In certain embodiments, R2 is iORB, Wherein RE is an 
unsubstituted, unbranched C l 5 alkyl chain. In certain embodi 
ments, R2 is ‘ORA, Wherein RE is an unsubstituted, 
unbranched C16 alkyl chain. In certain embodiments, R2 is 
‘ORA, Wherein RE is an unsubstituted, unbranched C 17 alkyl 
chain. In certain embodiments, R2 is iORA, Wherein RE is an 
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unsubstituted, unbranched C 1 8 alkyl chain. In certain embodi 
ments, R2 is ‘ORB, wherein RE is an unsubstituted, 
unbranched C19 alkyl chain. In certain embodiments, R2 is 
iORB, Wherein R B is an unsubstituted, unbranched C20 alkyl 
chain. In yet other embodiments, RE is a substituted or unsub 
stituted aryl or heteroaryl moiety. 
[0070] In certain embodiments, R3 is a cyclic or acyclic, 
substituted or unsubstituted, branched or unbranched ali 
phatic moiety. In other embodiments, R3 is a cyclic or acyclic, 
substituted or unsubstituted, branched or unbranched het 
eroaliphatic moiety. In certain embodiments, R3 is a polyeth 
ylene glycol moiety. In certain embodiments, R3 is an ali 
phatic moiety substituted With one or more hydroxyl groups. 
In other embodiments, R3 is an aliphatic moiety substituted 
With one or more amino, alkylamino, or dialkylamino groups. 
In certain embodiments, R3 is a heteroaliphatic moiety. In 
certain embodiments, R3 is cyclic aliphatic, preferably a 
monocyclic ring system With a 5- or 6-membered ring. In 
other embodiments, R3 is aryl or heteroaryl, preferably a 
monocyclic ring system With a 5- or 6-membered ring. In 
certain embodiments, the lipids are prepared from the pri 
mary amines 1, 11, 20, 24, 25, 28, 31, 32, 36, 76, 77, 80, 86, 
87, 93, 94, 95, 96, 99, or 100 shoWn in FIG. 1. In certain other 
embodiments the lipids are prepared from the primary amines 
31, 93, or 94 as shoWn in FIG. 1. 
[0071] In certain embodiments, each occurrence of R5 is 
hydrogen. In certain embodiments, at least one occurrence of 
R5 is methyl and the other occurrences are hydrogen. In 
certain embodiments, at least tWo occurrences of R5 are 
methyl, and the other occurrences are hydrogen. In other 
embodiments, at least tWo occurrences of R5 are hydrogen. 
[0072] In certain embodiments, each occurrence of R6 is 
hydrogen. In certain other embodiments, at least tWo occur 
rences of R6 are hydrogen. In certain embodiments, at least 
one occurrence of R6 is methyl, and the other occurrences are 
hydrogen. In certain embodiments, at least tWo occurrences 
of R6 are methyl, and the other occurrences are hydrogen. 
[0073] In certain embodiments, 

R1— v 
\ 

(R5)2C — C(Rs)2 and (R5)2C — C(Rs)2 
/ 

R2 — v 

Which are 

attached to N, are the same. In other embodiments, Which are 
attached to N are the same and are different than R3. In yet 
other embodiments, 

and R3 are all different. 
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[0074] 
formula: 

In certain subclasses of lipids, the lipids are of the 

Wherein V, R1, R2, and R3 are de?ned as above; and all 
occurrences of R5 and R6 are hydrogen. In certain embodi 
ments, R l and R2 are the same. In other embodiments, R l and 
R2 are different. In certain embodiments, V is C:O as shoWn 
in the formula: 

In certain embodiments, R1 and R2 are the same. In other 
embodiments, R1 and R2 are different. In certain embodi 
ments, R1 is ‘ORA and R2 is iORB, as shoWn in the formula 
below: 

In certain embodiments, R A and RB are the same. In other 
embodiments, R A and RB are different. In certain embodi 
ments, at least one of R A and RE is an unsubstituted, straight 
chain alkyl group With at least 5 carbons. In certain embodi 
ments, both of R A and RB are an unsubstituted, straight chain 
alkyl group With at least 5 carbons. In certain embodiments, 
R A and RB are C6-C3O straight chain alkyl groups, or C2l-C3O 
straight chain alkyl groups, preferably C9-C2O straight chain 
alkyl groups. In certain embodiments, R A and RB are C6-C3O 
straight chain alkenyl groups, or Czl-C3O straight chain alk 
enyl groups, preferably C9-C2O straight chain alkenyl groups. 
In certain embodiments, R A and RB are C6-C3O straight chain 
alkynyl groups, or Czl-C3O straight chain alkynyl groups, 
preferably C9-C2O straight chain alkynyl groups. In certain 
embodiments, When R A and RB are the same, R A and RB are 
not methyl, ethyl, n-propyl, 



US 2011/0009641 A1 

p04 of poll 
In other embodiments, When R A and RB are the same, R A and 
RB each comprise at least 4 carbon atoms. In other embodi 
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ments, When RA and RB are the same, RA and RB each com 
prise at least 5 carbon atoms. In other embodiments, When R A 
and RB are the same, R A and RB each comprise at least 6 
carbon atoms. In other embodiments, R A and RB each com 
prise at least 4 carbon atoms. In other embodiments, R A and 
RB each comprise at least 5 carbon atoms. In other embodi 
ments, R A and RB each comprise at least 6 carbon atoms. 
Exemplary classes of the above formula include: 






























































































































































































































